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(57) Abstract <\ 

A plug for vacuum forming of thermoplastics comprises a two-part metal insert (3, 4) screwed together and bonded 
to two pieces of syntactic material (1,2). The syntactic material is machined to the desired shape (5) coated with heat resist- 
ing material and utilised in a vacuum tool (7). The plug is less liable to breakage than hitherto. A roller comprising a core 
of steel (23) carrying syntactic material (22) and an elastomeric coating having superior wear resistance is also disclosed. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international ap- 
plications under the PCT. 



AT 


Austria 


D 


Republic of Corea 


AU 


Australia 


U 


Liechtenstein 


BE 


Belgium 


LK 


Sri Lanka 


BG 


Bulgaria 


LU 


Luxembourg 


BR 


Brazil 


MC 


Monaco 


GF 


Central African Republic 


MG 


Madagascar 


CG 


Congo 


MX 


Mauritania 


CH 


Switzerland 


MW 


Malawi 


CM 


Cameroon 


NL 


Netherlands 


DE 


Germany, Federal Republic of 


NO 


Norway 


DK 


Denmark 


. RO 


Romania 


R 


Finland 


SD 


Sudan 


F* 


France 


SE 


Sweden 


GA 


Gabon 


SN 


Senegal 


GB 


United Kingdom 


SU 


Soviet Union 


HU 


Hungary 


TD 


Chad 


JP 


Japan 


TG 


Togo 


KP 


Democratic People's Republic of Korea 


US 


United States of America 





WO 89/00100 



PCT/GB88/00529 



1 



COATING SYNTACTIC ARTICLES 

This invention relates to a method of coating 
syntactic articles and to coated syntactic articles. The 
invention is particularly concerned with the coating of 
syntactic plugs and rollers for use in vacuum forming. 

Vacuum forming is a shaping process applied to a 
heated sheet of thermoplastics material by clamping the 
heated sheet in a holder, and then applying a vacuum 
(suction) when the sheet is in a pliable or "rubbery" 
state. Vacuum forming is a widely used process, being 
used extensively for making articles such as disposable 
plastic cups, trays and tubs. Polyethylene, 
polypropylene, PVC, ABS , polystyrene and Saran are all 
suitable plastics materials for vacuum forming. 

Plug-assist vacuum forming is an improved process 
which results in better control of wall thickness and 
increased processing speed. It also leads to e reduction 
in the amount of plastics material used. In this process, 
a heated sheet of plastics material is clamped over a 
mould, and a plug forces the sheet down into the mould 
cavity. As the plug engages the sheet, the air beneath 
the sheet is compressed, causing the sheet to billow up 
around the plug. This billowing action prevents the sheet 
from touching the cavity lip as the sheet is stretched 
into the cavity. The plug stops near the base of the 
mould, the mould is evacuated, and the sheet is tranferred 
from the plug to the mould by suction pressure. Once the 
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article is formed, the plug is removed. 

Traditionally, the plugs for use in this process are 
made of resin-impregnated felt. Unfortunately, plugs of 
this type cannot withstand the higher temperatures to 
which some new plastic materials need to be raised for 
vacuum forming. Moreover, they cannot cope with modern 
high-speed machines, which typically have a cycle time of 
about two seconds. Plugs have also been made of Delrin. 
Unfortunately, at high temperatures, this material breaks 
down and gives off the toxic gas f ormaldahyde. Thus, not 
only are Delrin plugs unsatisfactory for use at high 
temperatures, but they also give rise to a health hazard. 
Recently, therefore, plugs have been made of syntactic 
foam material. A syntactic foam is a composite material 
in which light-weight particles are bonded together in a 
matrix of high-strength resin, usually either epoxy or 
polyester. In order to make plugs of syntactic foam 
material, the light-weight particles may be microspheres, 
that is to say small hollow glass bubbles. A syntactic 
foam material has a low density and very good heat- 
insulating properties. It is, therefore, inherently 
suitable for forming plugs for a plug-assist vacuum 
forming process, as such plugs need to be good heat 
insulators, otherwise heat flows into the plugs from the 
heated plastic sheets, which detrimentally affects the 
vacuum forming operation. Unfortunately, plugs made of 
syntactic material tend to be too brittle at the high 
temperatures and speeds required for modern machines and 
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new plastics materials. Syntactic plugs are also subject 
to excessive wear, tend to breakdown under high 
temperatures, are subject to excessive frictional forces, 
and are liable to shatter under fast punching conditions, 
particularly when first starting up if adequate pre-melt 
time is not allowed. Moreover, a syntactic plug can break 
up when retracted if, as sometimes happens, the punched 
sheet closes slightly over the plug. 

One aim of the invention is, therefore, to provide a 
syntactic plug which can be used with modern high-speed 
vacuum forming machines and new plastics materials. 

Another problem has arisen with modern high-speed 
plug-assist vacuum forming machines when used with the new 
plastics materials which need to be heated to about 170°C 
to 180°C, namely that the rollers used to transport the 
sheets of plastics material to the machine are inadequate. 
Such rollers need to be good heat insulators, whilst 
having a sufficiently high coefficient of resistance to 
ensure that the sheets are fed to the machine at the 
required high rate. These rollers also need to have a 
high degree of wear resistance. Up to now, syntactic 
rollers have proved to be adequate from the heat- 
insulating point of view. However, syntactic rollers do 
not have the required wear resistance and frictional 
properties . 

Another aim of the invention is, therefore, to 
provide a syntactic roller having improved wear resistance 
and frictional properties. 
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The present invention provides a method of coating a 
syntactic article, the method comprising the steps of 
positioning the article accurately within the cavity of a 
vacuum tool so that a predetermined gap exists between the 
article and the tool, and subjecting the cavity to a 
vacuum thereby drawing coating material into the cavity so 
as to coat the article, wherein the coating material has 
high wear resistance and good heat resistance properties, 
a high impact resistance and a predetermined coefficient 
of resistance. 

According to the invention there is provided an 
article for use in forming thermoplastics material 
comprising a plug of syntactic material having a coating 
with good heat resistance. 

According to another aspect of the invention there is 
provided a method of coating a syntactic article, the 
method comprising the steps of forming a plug comprising 
syntactic material and coating the plug with a material 
having good heat resistance. 

According to a further aspect of the invention there 
is provided a method of forming thermoplastics material 
comprising the steps of a syntactic material having a 
coating of good heat resistance within a cavity of a tool 
so that a gap exists between a portion of a cavity wall 
and the article and drawing a thermoplastic material into 
the cavity to coat the article. 

Advantageously the coating material is an elastomer. 
Urethane elastomers are suitable for use in the invention. 
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Preferred polymers are polyur ethanes obtainable by 
reaction of a polyol with a diisocyanate. Preferably the 
polyol has an average molecular weight of about 1000 to 
about 2000 especially about 1200 to about 1300. The 
polyol ma* be a polymer of a hydroxyacid or lactone 
preferably a C 2 to C 1Q , more preferably a C 4 to C Q 
hydroxyacid or lactone. Still more preferably the 
hydroxyacid or lactone is an oC,0 -hydroxyacid or lactone 
such as caprolactone. Other polyols include polyesters 
and glycols such as PTMEG. 

Akxo Chemie NTR 104 elastomer is suitable for use in 
the invention. Other coating materials which need not be 
elastomers may be used. The coating material should have 
good heat resistance, high wear resistance, high melting 
and decomposition point, and high impact resistance. 
Preferably the coating is resistant to temperatures of 
about 170°C preferably 200°C or greater for extended 
periods in air ie at least 1 hour preferably at least 2 
hours especially at least 8 hours. 

Preferably the diisocyanate is p-phenylene 
diisocyanate or 1 , 4-cyclohexane diisocyanate, the trans 
isomer being preferred. 

The coating material may be used as a prepolymer 
which is curable by heat, catalyst, curative or a 
combination thereof. A typical catalyst is 1,4- 
diazabicyclo [2.2.2] octane (DABCO) which would typically 
be present at about 0.1 to 0.2 wt %. Typical curatives 
include 1,4-butanediol, 1, 4-cyclohexane dimethanol, Dianol 
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(Trade Mark) and Nourycure (Trade Mark)B diamine. The 
curative can be present in amount ranging from about 5 to 
15wt%r the skilled worker will be readily able to 
determine the optimum amount of curative needed. 

Known syntactic plugs for vacuum forming are secured 
by one or more studs screwed or glued into the plug. 
Ifecause the studs are of substantially constant diameter 
i:fc lis relatively easy for the stud to be pulled from the 
plug. In some embodiments of the invention the securing 
means are provided with a shoulder to prevent their 
removal from the plug. 

In a preferred embodiment, the syntactic article is a 
plug for use in a plug-assist vacuum forming operation. 
In this case, the plug may be formed from two syntactic 
cylinders and a metal insert, the two syntactic cylinders 
being bonded together around the insert prior to the 
syntactic material being machined to the desired plug 
shape. Preferably, the metal insert is of two-part 
construction, one insert part having an end plate and an 
internally-threaded shank, the other insert part having an 
end plate and an externally-threaded shank, the threaded 
shanks being complementary. In this case, each of the 
syntactic cylinders has a respective cylindrical recess in 
one planar end face thereof, and one of the syntactic 
cylinders has an axial through bore, the cylindical recess 
being sized and shaped to receive the end plate of said 
one insert part when the two syntactic cylinders are in 
face-to-face contact, and the axial through bore being 
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size to receive the shank of said one insert part. 
Preferably, the end plate of said other insert part is 
provided with means for attachment to a vacuum forming 
machine. 

In another preferred embodiment, the syntactic 
article is a cylindrical roller for use in feeding 
plastics sheets to a.. vacuum forming machine. 
Advantageously, the roller is formed by accurately 
machining a generally cylindrical syntactic blank, by 
accurately boring an axial hole therethrough, and by 
bonding a steel shaft within the axial hole. 

The invention will now be described in greater 
detail, by way of example, with reference to the 
accompanying drawings, in which:- 

Figure 1^ is a plan view of a first syntactic 
cylinder to be used for making a plug for use in a plug- 
assist vacuum forming process; 

Figure 2 is a side elevation of the first syntactic 
cylinder; 

Figure 3 is a side elevation of the second 
syntactic cylinder to be used for making the plug; 

Figure 4 is a plan view of the second syntactic 
cylinder ; 

Figure 5 is a plan view of a first part of a 
metallic connector for fixing the plug to a vacuum forming 
machine; 

Figure 6 is a side elevation of the first part of 
the metallic connector; 
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Figure 7 . is a side elevation of a second part of 
the metallic connector; 

Figure 8 is a plan view of the second part of the 
metallic connector? 



apparatus for coating a syntactic roller. 

Figure 11 is a cross sectional side view of a mould 
for production of a plug. 

Referring to the drawings. Figures 1 and 2 show a 
first syntactic cylinder 1 which is formed with a 
cylindrical recess la in one planar end surface thereof. 
Figures 3 and 4 show a second syntactic cylinder 2 which 
is also formed with a cylindrical recess 2a in one planar 
end surface thereof. The cylinder 2 is also formed with 
an axial through bore 2b. 

Figures 5 to 8 show the two parts of a metal insert 
which is used to fix the plug formed by the two syntactic 
cylinders 1 and 2 to a vacuum forming machine. Figures 5 
and 6 show the first metallic part 3, which has an end 
plate 3a and a hollow internally-threaded shank 3b. 
Figures 7 and 8 show the second metallic part 4, which has 
an end plate 4a and an externally-threaded shank 4b. The 
shanks 3b and 4b have complementary threads, so that the 
two parts 3 and 4 can be screwed together, as shown in 
Figure 6 where the part 4 is shown in dotted lines. 

In order to form the plug, the first metallic part 3 



Figure 9 



is a schematic elevation of apparatus for 



coating the plug; and 



Figure 10 



is a part-sectional elevation of 
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is positioned within the second syntactic cylinder 2, with 
its end plate 3a snugly fitted within the recess 2a. The 
end plate 3a has thickness which is equal to twice the 
depth of each of the recesses la and 2a, so that it is a 
snug fit within these recesses when the syntactic 
cylinders 1 and 2 are fitted together (see below). The 
second metallic part 4 is then screwed into the first 
metallic part 3 until the end plate 4a rests against the 
non-recessed planar end surface of the second syntactic 
cylinder 2. The two syntactic cylinders 1 and 2 are then 
bonded together around the degreased end plate 3a, with 
the end plate 3a constituting (with the recess la) means 
for accurately aligning the two syntactic cylinders. 

As shown in Figure 5, the end plate 3a is provided 
with a plurality of generally semi-circular keys 3c in its 
peripheral edge. These keys 3c help to lock in the 
bonding agent used to fix the two syntactic cylinders 1 
and 2 together. As shown in Figure 8, the end plate 4a is 
provided with a drilled and tapped hole 4c and a tapped 
grub screw hole 4d for use in fixing the finished plug to 
a vacuum forming machine. 

After the two syntactic cylinders 1 and 2 have been 
bonded together, the resultant syntactic body is machined 
to shape, forming a plug body 5 (see Fig. 9) of the same 
shape as (but slightly smaller than) the plug to be 
formed. The plug body 5 is then positioned in a mould 
cavity 6 of a vacuum tool 7. The vacuum tool 7 has two 
complementary jig parts 7a and 7b which can be bolted 
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txrgEe-fcfeer around the plug body 5. A vacuum line 8 passes 
through the jig part 7a and leads to the mould cavity 6. 
Similarly, an elastomer feed line 9 leads to the cavity 6 
via the jig party 7b. A dummy spacer 10 is provided to 
hold the plug body 5 centrally within the cavity 6. An Co- 
ring 11 provides a seal between the two parts 7a and 7b. 

Once the plug body 5 is correctly positoned in the 
cavity 6, and the parts 7a and 7b are fixed firmly 
together, the cavity space surrounding the plug body is 
evacuated via the vacuum line 8, and an elastomer is drawn 
in via the elastomer feed line 9. The elastomer used is 
AKZO Chemie NTR 104 grade elastomer. This elastomer has 
high wear-resistance properties, a high melting point, 
good heat resistance properties and a high impact 
resistance. It does, therefore, produce a coating 5a for 
the plug body 5 which has these desirable properties. The 
finished plug then has all the advantages of known 
syntactic plugs, but does not suffer from their 
disadvantages. Moreover, because of the size and nature 
of the. metal insert 3, 4 (which is basically an in-depth 
plate within the syntactic plug body), operating forces 
are transmitted more evenly from the vacuum forming 
machine to the plug, so that there is a considerably 
reduced risk of the plug shattering during vacuum forming 
operations . 

Figure 10 shows vacuum tool 21 for vacuum coating a 
syntactic roller 22. The syntactic roller 22 is a cylinder 
of syntactic material which has been accurately machined 
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to a cylindrical shape and accurately bored to receive a 
central shaft 23. The shaft 23 is bonded to the syntactic 
roller 22. As with the embodiment of Figure 9, the 
syntactic roller 22 is accurately positioned with in the 
vacuum tool 21 so that a uniform gap exists between the 
roller and the tool. Once the roller 22 is correctly 
positioned within the tool 21, the tool cavity is 
evacuated via a vacuum line 24, and an elastomer is drawn 
into the gap between the roller and the tool via an 
elastomer feed line 25. The elastomer used is AKZO Chemie 
NTR 104 grade elastomer. Once cured, the elastomer forms 
a coating for the roller 22 which has good heat 
resistance, is tough and has the required frictional 
properties to ensure that sheets of plastics material can 
be fed therealong to a modern high-speed vacuum forming 
machine, even when the temperature of such sheets is of 
the order of 170°C to 180°C. 

It is not essential that the syntactic material be 
machined from the solid state. As may be seen from Figure 
11 in a further embodiment of the invention uncured or 
incompletely cured syntactic material 26 is poured into a 
mould 27 preferably of aluminium, which may be coated with 
a release agent. A slight excess of syntactic material is 
used. One or more bushes 28 releasably engaged to tool top 
29 for example by bolts 30 are forced into the syntactic 
material. As the tool top 29 moves towards the syntactic 
material 26 the gap between the tool and top is reduced. 
The enclosed material is compressed and some escapes 
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between a pinch off disc 31 preferably of nylon having a 
taper, ok # of about 1°. This process especially if 



preformed in a vacuum ensures that the plug is free of 
voids. The syntactic material generally will contain a 
curing agent* The rate of curing can be increased by 
controlled heating. When the syntactic material is solid 
it may be removed from the mould and coated. Because it 
is possible to cast the syntactic material in shape 
corresponding to that of the mould, the amount of 
machining required is reduced or even eliminated. 



r 
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CLAIMS 



1. An article for use in forming thermoplastics material 
comprising a plug of syntactic material having a cast 
cured coating of a polyurethane elastomer with good heat 
resistance. 

2. An article as claimed in claim 1 wherein the syntactic 
material is coated with a polyurethane elastomer, 
attainably by reaction of a polyol with p-phenylene 
diisocyanate or 1 , 4-cyclohexane diisocyanate. 

3. An article as claimed in claim 1 or claim 2 wherein 
the article is a roller for feeding sheets of plastics 
material to a vacuum forming machine. 

4. An article as claimed in claim 3 comprising a cylinder 
of syntactic material having an axial hole and a steel 
shaft bonded within the hole. 

5. An article as claimed in claim 1 or claim 2 wherein 
the article is a plug for use in a plug assists vacuum 
forming operation. 

6. An article as claimed in claim 5 wherein the plug 
comprises two pieces of syntactic material bonded 
together around an insert, the insert comprising a first 
part having an end plate for bonding to the syntactic 
material and a second part provided with means for 
attachment to a vacuum forming machine. 

7. A method of forming an article for use in forming 
thermoplastics material comprising the steps of 

i) forming a plug comprising syntactic material 

ii) cast coating the plug with a coating of a polyurethane 
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elastomer with good heat resistance, and 
iii) curing the coating 

8. A method of forming thermoplastics material comprising 
the steps of 

i) positioning an article comprising a syntactic material 
having a cast coating of a polyurethane elastomer good 
tteat resistance wrth-in a cavity of a tool so that a gap 
exists between a portion of a cavity wall and the article, 
and 

ii) drawing a thermoplastic material into the cavity to 
coat the article. 

9. A method as claimed in claim 8 wherein the 
thermoplastic material is drawn into the cavity by a 
vacuum and comprising the additional step of 

iii) removing the thermoplastic material from the article. 
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